Rising global herbal drug trade and rampant availability of herbal drug combinations are a cause for concern with regards to its safety and efficacy in view of their indiscriminate use. Thus, their quality control is now a mandatory regulatory requirement both for over the counter sale and towards integrating popularly prescribed herbals-both classical and proprietary into modern clinical practice. Despite being a major hub for medicinal plants with clinically proven efficacy in traditional medical practice, India is yet to exploit its potential in keeping with the growing international market for plant based products. Lack of standardization protocols and thus regulatory hurdles are major constraints for even popularly prescribed Indian herbals from reaching global markets. Development of analytical profiles is thus an essential prerequisite in herbal drug standardization and methods developed for single molecule drugs are not largely adaptable to multi constituent plant drugs.
Rising global herbal drug trade and rampant availability of herbal drug combinations are a cause for concern with regards to its safety and efficacy in view of their indiscriminate use. Thus, their quality control is now a mandatory regulatory requirement both for over the counter sale and towards integrating popularly prescribed herbals-both classical and proprietary into modern clinical practice. Despite being a major hub for medicinal plants with clinically proven efficacy in traditional medical practice, India is yet to exploit its potential in keeping with the growing international market for plant based products. Lack of standardization protocols and thus regulatory hurdles are major constraints for even popularly prescribed Indian herbals from reaching global markets. Development of analytical profiles is thus an essential prerequisite in herbal drug standardization and methods developed for single molecule drugs are not largely adaptable to multi constituent plant drugs.
In this scenario, high-performance thin-layer chromatography (HPTLC) is emerging as a preferred analytical tool for standardizing single herbs and polyherbal formulations [1] with better resolution and accuracy [2] . The WHO stresses on the importance of the quantitative and qualitative methods of characterizing samples, quantification of biomarkers and/or chemical markers and development of fingerprint profiles. There are several challenges to be overcome in the HPTLC characterization of herbal products. The chemical profile of the constituent herbs in herbal medicinal products (HMPs) may vary due to several factors, the important ones being the plant identity and seasonal variation, the ecotypic, genotypic and chemotypic variations, processing and other factors. As for HMPs, establishment of specific quality control method is very difficult because of their complex nature [3] . Phyllanthin is selected as a marker for Phyllanthus amarus, antidiabetic drug of repute in Ayurveda [5] . T. cordifolia is a well-known Indian bitter prescribed in diabetes and has been subjected to extensive phytochemical, pharmacological and clinical investigations. Berberine, characteristic of Menispermaceae, an isoquinoline alkaloid is chosen as marker for this herb [6] . Gallic acid and ellagic acid have been selected as reference markers for the detection of E. officinalis and E. jambolana, respectively [7] . Gymnemic acid, a triterpenoid saponin in the leaves of G. sylvestre has been selected as a reference marker [8] . Sennoside-B, characteristic anthraquinone glycoside of genus Cassia [9] has been taken up for C. auriculata flowers reportedly having potent hypoglycemic activity in alloxan-induced diabetic rats [10] .
HPTLC Marker-based Analysis of
Madhuram capsules (3 different batches) were procured from local pharmacy shop and each lot was subjected to weight variation (2.22%W/W) analysis.
Average weight of each capsule is 550 mg with 2.22% W/W weight variation. The variation of weight among the capsules was least, which showed a good ratio of excipients in the formulation. Capsule contents of twenty capsules from each batch were collected and stored in amber coloured container at room temperature.
Phytochemical standards phyllanthin, berberine chloride dihydate, gallic acid, ellagic acid, gymnemic acid and sennoside B (≥95.0% HPLC) were purchased from M/S Natural Remedies, Bangalore, India. All the solvents and chemicals in experiments were of analytical grade (Merck, Ltd., Mumbai). Silica gel 60 F254 HPTLC pre-coated plates were procured from (Merck, Darmstadt, Germany).
Enrichment of the polyherbal mixture (PHM) to exclude the interference of other phytoconstituents from the marker compound is a necessary preliminary step in HPTLC analysis. Pooled capsule contents of the poly herbal capsule were thus processed for such enrichment with respect to each marker from the herb and the process was optimized for marker compound extraction efficiency to achieve good fingerprinting using validated protocols.
Capsule contents were processed for phyllanthin enrichment as per Krishnamurti et al. [11] . PHM (5 g) was cold macerated with chloroform (3×50 ml), filtered through Whatmann No. 42 filter paper and concentrated on a water bath at 50°. The concentrated residue was dissolved in minimum quantity of warm methanol and extracted with 2×20 ml petroleum ether (40-60°). Petroleum ether layer containing phyllanthin and chloroform pigments was separated and enriched for phyllanthin by crystallization with ice cooled methanol (yield 60 mg). It was dissolved in methanol (60 mg/ml) and this solution (8, 16 µl) was applied on TLC plate for quantification.
Capsule contents were processed for berberine enrichment as per Mimansha et al. [12] . PHM (5 g) was extracted with 100 ml of ethanol by cold maceration for 24 h. The filtrate was concentrated to syrupy mass on a hot water bath (60°). Extraction with (2×20 ml) hot water, filtration and addition of HCl drop wise yielded a crystalline residue upon cooling in an ice bath for 30 min. Suction filtration and air drying gave the berberine enriched sample (20 mg). It was dissolved in methanol (10 mg/ml) and applied (8, 10 µl) on TLC plate for analysis.
PHM was processed for gallic acid and ellagic acid enrichment as per Laxman et al. [13] . PHM (5 g) was extracted with (2×50 ml) methanol for 24 h. Filtrate was concentrated on a hot water bath (60°) giving a brownish residue (yield=516 mg). Aliquot (50 mg/ml) was dissolved in methanol and applied on TLC plate for gallic acid (4, 8 µl) and ellagic acid (4, 6 µl) estimation.
PHM was processed for gymnemic acid detection as per Farzana et al. [14] , for which 5 g was macerated with 50 ml methanol for 24 h and filtrate was concentrated on a hot water bath (60°). The concentrated extract was washed with (3×20 ml) petroleum ether to remove steroids and interfering pigments yielding the gymnemic acid rich sample (280 mg). It was dissolved in methanol (50 mg/ml) and used (4 µl) for gymnemic acid quantification.
Capsule contents were processed for sennoside enrichment as per Jean et al. [15] . PHM (5 g) was extracted with (50 ml) ordinary water and the aqueous solution is acidified with HCl to pH 2.5 followed by fractional separation with (15 ml) ethyl acetate to remove aglycones. The aqueous layer containing glycosides is collected and extracted with (3×55 ml) butanol, concentrated to 10 ml (50°) in vacuum evaporator and left to stand for overnight. Crystals that settled at the bottom were collected by suction filtration on a Buchner funnel (105 mg), dissolved in methanol (50 mg/ml) and applied on precoated TLC plate (4 µl) for sennoside quantification.
Stock solutions (1 mg/ml) of phyllanthin, berberine, gallic acid, ellagic acid, gymnemic acid and sennoside were prepared. From this, working solutions of phyllanthin (50 µg/ml), berberine (10 µg/ml), gallic acid (100 µg/ml), ellagic acid (100 µg/ml) and sennoside (100 µg/ml) working solutions were prepared and different volumes were applied on the precoated TLC plates to obtain linear plots. The applied concentrations were mentioned in Table 1 .
The sample solutions were spotted in the form of bands with a Hamilton 100 μl syringe on pre-coated silica gel G 60 F254 (10×10 cm with 250 μm thickness, E. Merck) plate using a Camag Linomat V applicator (automated spray-on applicator equipped with a 100 μl syringe and operated with the settings distance from the plate side edge 15 mm, and distance from the bottom of the plate 10 mm). The slit dimension was kept 6.00×0.45 mm. Linear ascending development was carried out in 10×10 cm, Camag twin trough glass chamber saturated with the mobile phase at room temperature. After air drying the plates, densitometric scanning was performed using Camag TLC Scanner-III in absorbance mode. Mobile phase for phyllanthin was optimized based on its physicochemical properties whereas for berberine [12] , gallic acid and ellagic acid, gymnemic acid and sennoside the solvent systems were adopted from literature [13] [14] [15] . Chromatography conditions, mobile phase, chamber saturation time and scanning wavelengths for individual markers are mentioned in Table 1 . Photo documentation was performed using Camag Reprostar 3. The data of the peak areas were plotted against the corresponding concentrations. The obtained values were treated by linear regression analysis.
In this study content of the poly herbal capsules were processed for such enrichment with respect to marker compound from each ingredient and the process was optimized for marker compound extraction efficiency towards achieving a good fingerprinting.
Linear relationship was observed by plotting marker concentration against peak areas. The results were found to be linear over a range of 100-500 ng/band for phyllanthin, 20-100 ng/band for berberine, 200-1000 ng/band for gallic acid, ellagic acid, sennoside and 1000-5000 ng/band for gymnemic acid ( Table 2 ).
The chromatograms of phyllanthin, berberine, gallic acid, ellagic acid, gymnemic acid and sennoside B enriched fractions of the formulation are shown in fig. 1 such as C. auriculata that is confounded by the nondetection of anthraquinoids in such species. In the absence of sennoside and with no specific marker for this species, its marker based quantification was not feasible.
Quantification of plant specific markers for all the constituent herbs in Madhuram has first and foremost established their identity that is demonstrative of authenticity of the source herbs as indicated in the label claim. Quantification of source herbs contingent to their marker content was not possible due to nonavailability of quantitative data of markers in specific plant parts used for e.g., berberine content was reported in T. cordifolia stems that cannot be extrapolated to both stems and leaves present in Madhuram. To summarize this work has successfully developed the standardization protocol for the chosen poly herbal.
A six-herb combination antidiabetic poly herbal has been submitted to HPTLC analysis using markers identified for each herb. Capsule contents sampled from 3 different batches of the poly herbal have been individually processed for enrichment of each of the 6 selected markers for the respective herbs. These were then taken up for HPTLC run along with reference standard markers in the appropriate solvent systems based on trial and error optimization of the same. Linear regression analysis generated standard graphs for each marker that was the basis for the quantification of the chosen marker in the enriched fractions and thus capsule contents. Present study has thus succeeded in quantifying the phytochemical markers with reference to each plant in the antidiabetic poly herbal formulation using validated HPTLC methods. This work lays the blue print for the quality control of each batch of the formulation and for batch to batch content variation assay paving way for the development of this formulation as an ethically standardised herbal drug.
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